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HYDROGEN EMBRITTLEMENT TEST: 

RESULTS 



CD 

x 

D 

c 

x 


z 

UJ 

0 

o 

X 

Q 

> 

X 


O - 
O CD 
CM CD 
UJ 


cc 

UJ 

h 

u 

< 

CD 

z 

UJ 

2 

o 

UJ 

0. 

CD 


CC 

H- 

CD 

0 


0 


X 

o 

< 

2 

cc 

UJ 

CL 

o 

cc 

0. 


> 

CD 


O 

z _ 

UJ CD 
CD 


O 

UJ 


Ul 

CD 

I 

15 


O 

UJ 

□ 

CL 

0. 

< 

>- 

CD 


D 

< 

O 

h- 

O 

UJ 

u 

UJ 

Q 

UJ 

o 


£ 


Q 
UJ 
CD 
3 X 
< D 
O CD 

Ul O 
CD Z 


Q 
UJ 
> 

CC 
UJ 
CD 

“O' 

O h 

UJ Q Z 
CC LU Ul 

ill 

if cc § 

LU — 

“ H > 

Z Ul z 

O Q Ul 


I- < 


UJ 

2 

z 

o 

cc 

> 

z 

UJ 


H 

J- 

Z 

UJ 

2 

UJ 


a 

UJ 

CD 

< 

UJ 

cc 

o 

UJ 

o 

Ul 

CD 


UJ 

o 

04 

X 


X 

CD 

2 

UJ 

z 

UJ 

0 

o 

X 

a 

> 


ui 
X 
I- 

o 

I- 

o 

UJ 
CD UJ 

O 

X 
X 
UJ 

z 

UJ 
UJ 
CD 

CD 

< 

X 

s 

X 
H 

co 


D 

O 

O 

X 

o 

h 

o 

if 

> 

I- 


< 

X 

UJ 

I- 

< 

2 

X 

o 

u. 


CD 


CD 


$ 

o 

_J 

ui 

CD 


ui O 


CD O 

to 

UJ 

o 

CD 
O 
CD 


UJ 

X 

o 

2 

UJ 


CD 

UJ 

X 

X 

I— 

00 


UJ 

z 

o 

o 

z 

z 

0 

X 

> 

X 

o 

IL 


“ f, ig 

6 
o 


£ 


Ul 

z 

o 

o 


CD 

X 

< 

UJ 

X 

X 

< 


0 

X 

> 


(0 

CM o 
CM UJ 
w 

5 ° 

O x 

X X 
u_ UJ 




1991 NASA Aerospace Battery Workshop 


- 12 - 


General Topic Session 


TO HYDROGEN FOR LONG TIMEFRAMES 


1) 

£ d) d) d 
•H U "O -C U 


i— ^ c 

rH >. 0) 
0 ) U CJj 

u « o 

4 J u 
o JJ "O 


•H O E -- 

C O dl CC y 'H 

o^d-h o..oeueECN° 

S D U X -H « -H O = * 

i *3 *rl dj U ' 1 G *4-1 XI m H 

^ 5 S « > c « 044 * ® 

a t 255.-^ s - -s 

B xi S O 0-0 U JJ C.* 1 ^ 

c m ,O.CO0C0DE “. 

5^0 tKW 6# O « 

2eo£ 0-OrH»-0««U - 

c o m o o o. a o “ ^ 

5 (0CNCO.mQ.D-a3® 

2 H . ® “ « e^DD-H 

■5 H u v-E co -h o <n U 

h 0) 11 1) h U n 2 l! 2 

,1 m •> UJJ 0JX^'^ Vw OOC-^ 1 - 1 
f rtU0)3 , WA JijCOC ? 1 2S 


o -u a c cn ^ coj= 5 >* 
c iJ - £ 


CO U Q) ^ M-( 4J 
CO (D 

jj CO O *H 'O 

X CO w 


aj -c m-i c 

jj (U <u 

co co • a) E 

o (0 4J C3 'H 


•H 0) E e 
4J *J 

h +j c <u c 

p 3 O J3 *H 


SoccmoD oo 
(UESODD & o U 
Z. 1 cz t_i U — 1 Jj *rt 


o tn > 
co cn 

CD X ^ C. 


^a!c:oo<u^c ° ® 

n-jV^OJ 0 ) CO O <0 ® ? r 

xdCW. <nx:uc 

03 fcr-COOEC UW 


03 w c ~ 0 _r:Cu 

UOO-H-HC^OD-OO^O.^ 


o ® 

3 r- C O O CO 

2 0) 3 ! J2 co fl) a 

Sr^ -o 3 4J M-O 

2 0) rH ►> p ° 

g rl fl 'W » «0 ^ *■* 


coo. c 

CO D 3 00 *j D 

50^ J) h C E 

>, o o -c r- « ® 

^2 tn |m 4J eh 


ch’u'w 

^ S o c ° S-a ood) °H 

® 2 0 .5 o. ? ® ^ c = ^ t 

rs £ s * = o . o s >| 


1991 NASA Aerospace Battery Workshop 


-73- 


General Topic Session 


HYDROGEN EMBRITTLEMENT TEST: 
RESULTS (CONT) 



1991 NASA Aerospace Battery Workshop 


- 74 - 


General Topic Session 


I 

QJ >> 



1991 NASA Aerospace Battery Workshop 


- 75 - 


General Topic Session 



HYDROGEN EMBRITTLEMENT TEST: 

APPROACH 



1991 NASA Aerospace Battery Workshop 


- 16 - 


General Topic Session 


NOTE: PHASE II IS STILL IN PROGRESS 


-a 
cn o> 
C >> 
01 O 

e *h 

•H Cu 

o e 

ai <u 

cu 

cn oi 


0) 

o 


£0 

oo 
u c 
ai 

*3 *0 
C CO 
3 0 


JJ H -H 

C * 

0 ) 0 ) 
cu cn cn 
m co x 
X u 
s cu CO 
O V. 
w c o 

MH *H 0) 

H 

u cn cu 
3 co 

CJ 'w' *3 

c 

<u 4~i CO 

xi cn 
a> cn 
HH 0) 
1-1 cu 
•h a> co 

•H 01 

cn X 
a> 3 

rH O 
0-&3 O 

e .j 

co c 

01 01 *H 

- X H 
M CO C 
M J Cl 

pQ 

01 01 
cn cu o 
co *r» pC 
JC rH 

D-i r-l H 

•H r-l 

C X *H 
M 5 


0) 

rH 0) 

cux: 
e h 
co 

cn oo 

c 

X *H 

a jj 
co co 

a) r-l 
3 

oi 6 
O *H 
co cn 


I 

o 

*H 

> 

C 

0) 

cn 

u co 
cn 

0 rH 
U r— 

01 

01 > 

X 

H oi 
CO 


cu 

rH 

0 JC 

j-» oo 

3 

*3 O 

01 u 
01 

3 - 

01 

01 rH 
X3 -H 


• C 
00 0) 
c oo 

*H O 
rH U 
U -3 

a x 

0 00 

01 *H 
*3 01 

c cu 
3 

O 
V- o 
01 o 

4J rH 

c 

3 Hu 

O O 

0 

c ^ 

01 01 


rH O 
rH 

•rl Cu 

* 

-3 
*3 CO 
•rl O 

0 rH 
C 

01 o 


0 r-l 

01 U 

< a 


*3 01 
rH C 
3 O 

0 O • 

> C 

rH O 

01 rH -H 

H -H 4J 
rH > 3 
3 rH 

OHO 

C 01 
H 01 
3 6 BC 
X c o 

H OU! 


7997 AMS/1 Aerospace Battery Workshop 


- 11 - 


General Topic Session 



PL BATTERY PROGRAM: 



1991 NASA Aerospace Battery Workshop 


- 78 - 


General Topic Session 


•ATT-M 


4J 03 
C 0) 

0) jC 
B O 4J 

CL 

O 4J «-l 
H « O 
<U <D 
> 4J C 
<D O 

«t3 4J *H 

.C U 

U 00 CO • 
3 -H 3 CO 

H H H 
H W <0 rl 

3 > 0) 

CO to fl) o 

E (44 C CO 
3 O CO 03 
•H 2 

3 01 3 
O C *M 

c/i tn to o 

•H 

>* cn >> w 

W4 C 1h 0) 
O O 4) *H 
4J U 4J <U 

03 4J *H 

4» JJ CD iH 
O U ^ ri 

„n o -o 

03 <44 CO CO 

_J 44 CD cl 

o> to 

03 o 

CL OOO 
*rl c W -C 
H *H O O 
H L C 
rl CO rl 3 
r* <U i—1 3 
^ 1J (1) H 
U 

O) T3 *■> 
JC c VO O 

h o h - c 


7997 NASA Aerospace Battery Workshop 


•79 


General Topic Session 



NaS FLIGHT EXPERIMENT: 
OBJECTIVES 



•ATT-I 



Cfl 


C 

0 ) s 

S 03 CO 
•H C J-i 
J-< O oo • 

fl) *rl O Vt 
O* 4 J U 0 ) 

x u a« cn 
W c 3 

3 0) 

4J <4-1 ^ <U 

x: jj .c 

O0 C JJ 
•H COW 
r-l *H O O 
fn CO J-> 
0) rH 


cn -a 

CD 5^ 

CO 

o oo 

2 T-l 

00 o 

r“l 

iH 

a> <u 

*3 O 

x: o 

c c 


0) -C 

o 

o 

tw w 

<u a> 

o a 

-C -U 
H 

a) a) 

cn 

> JZ 

CO 

•H 4J 

• 2 

iJ 

oo 

U 

1 m-4 

a> co 

o o 


u 

-a jj 

V C 

o 

N O 


•H 


C 4-» 


*H iH 

CO w 

Cfl 

E 0) 

>» c 

•H > 

tH CO 

u 

u U 

& o 

QJ -U 

u 

Cu 

<D 

O Oi 

£ to 

*-i -C 


cu «u 


JP 9 J M 45 u 4 Aerospace Battery Workshop 


- 81 - 


General Topic Session 



NaS FLIGHT EXPERIMENT: 



1991 NASA Aerospace Battery Workshop 


- 82 - 


General Topic Session 


60% REDUCTION IN BATTERY VOLUME 
40% REDUCTION IN BATTERY COST 
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NaS FLIGHT EXPERIMENT: 
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NaS HOT LAUNCH EVALUATION: 
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SOLID STATE BATTERIES: 
GEO BATTERY DEVELOPMENT 
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SOLID STATE BATTERIES: 
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PHASE I SB!? NEARING COMPLETION 
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SOLID STATE BATTERIES: 
IN-HOUSE EVALUATION! 
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